ABSTRACT
Introduction
Drought is the most important limiting factor for crop production and it is becoming an increasingly severe problem in many regions of the world [1, 2] . Drought is still a serious agronomic problem and one of the most important factors contributing to crop yield loss. According to statistics, the percentage of drought affected land areas more than doubled from the 1970s to the early 2000s in the world [3] . Maize is one of the major summer crops in the irrigated areas of Egypt. However, maize is very sensitive to water stress [4] [5] [6] . The effects of water stress on maize include the visible symptoms of reduced growth, delayed maturity and reduced biomass and crop grain yield. For example, water stress on maize has been shown to reduce plant height [6] , leaf area index [7] and root growth [8] . Grain yield can be reduced by decreasing yield components like grain number and grain weight [5, 9] . Many researchers have evaluated the effect of timing of water stress on maize yield [6, [10] [11] [12] . Flowering has been found to be the most sensitive stage to water deficit, with reductions in biomass, yield and harvest index [4, 5, 9, 13, 14] . The high sensitivity of maize to water stress means that under water limiting conditions it is difficult to implement irrigation management strategies without incurring significant yield losses [4, 15] . Much of the past research on water stress on maize has consisted of full withholding of irrigation and conditions of severe water stress [11, 12] . It is clear from the literature that cessation of irrigation in maize causes significant yield losses. Therefore, it is important to know the crop response to moderate water deficit at different growth stages and under cropping and irrigation conditions similar to the one experienced by farmers in the area.
Phytohormones such as IAA, gibberellic acid (GA 3 ), and kinetin are known to be involved in the regulation of plant response to the adverse effect of stress conditions [16] [17] [18] show that plant hormones can be defined as organic substances that are produced in one part of plant and trans located to another parts, where at very low concentration, they stimulate physiological response. Plants are usually subjected to environmental factors such as drought or water salinity.
Also, exogenously applied phytohormones or polyamines have multiple roles in improving drought tolerance of maize. These functions are improved cell water status and alleviation of oxidative damage on the biological membranes. This suggests that maintenance of water economy through stabilized cellular structure is an important mechanism of drought tolerance in maize. Establishment of similar roles of polyamines are likely to be a great step in improving drought tolerance in high water requiring plant species.
Polyamines are now being regarded as plant growth regulators and secondary messenger in signaling pathways [19] [20] [21] , and play an array of physiological roles in plant growth and development [22] . Although, they induce tolerance against several abiotic stresses in plants [23] [24] [25] , mechanisms of their action during exogenous application in modulating physiological phenomena and improving drought stress tolerance are not fully understood.). Thus the aim of the present work was to test the effect of exogenous treatments with some phytohormones and polyamines in counteracting the adverse effects of drought on growth, photosynthetic pigments, some mineral contents and yield production, of the two maize genotypes, which has been recorded to be differed in their drought stress tolerance according to the data of short duration experiment [26] .
Materials and Methods
A field experiment was conducted using two maize genotypes Bashaier and Nefartiti selected for drought tolerance in the growth chamber experiments. Grains were obtained from the breeding program of seeds station, Beni-suef, Egypt to be used in the field Work of Minia governorate. In view of the nature of the field experiment, Minia represented an ideal location since it is virtually rainless in the summer. A randomized split plot design was used [27] . Soil plots (50 m ), plowing twice (once perpendicular to the other), leveling, and lining (7 m-long lines, 60 cm apart). Sowing (early June) on lines in small holes (Goras, 25 -30 cm apart, two seeds per hole). Only one seedling per Gora was left after seedling establishment. Fertilizers included 200 kg. Feddan -1 Superphosphate (15% P 2 O 5 ), and 120 units nitrogen Feddan -1 (200 kg Feddan-1 46% urea, in three installments once after sowing, once after second irrigation, and once after third irrigation). Plots were flood-irrigated after sowing, and seeds were sown in each plot and soil was brought to field capacity, then plots are classified into four groups according to the amount of moisture content in each plot. Plants were grown with further irrigation at 90%, 70%, 50%, and 30% field capacity, plants was irrigated every 12 day with these field capacities. Irrigation water was thoroughly measured by introducing a water meter on the irrigation line. Irrigation was stopped three weeks before harvest to allow drying. Plants were harvested 120 days after sowing.
Plants in each soil plots are classified into eight groups the first group was the control, the rest groups were treated with 10 ml 200 μ. mol of one of the polyamines (putrescine, spermine or mixture of putrescine and spermine polyamines) or 20 μ. mol of one of the phytohormones (IAA, GA 3 , Kinetin and mixture of these phytohormones). Plants are treated with these phytohormones or polyamines two time during the age of maize the first at 30 old-days and the second at 45 old-day. At the end of the experimental period plant height, dry matter yield of the different organs (stem and leaves) were determined. Plant height was determined by direct measurement from soil surface to the tip of the flag leaf. Determination of the dry matter involved harvesting and careful separation of fresh organs. Fresh organs were then dried in an oven at 80˚C. Successive weighing was carried out until a constant dry weight was recorded. Leaf area was determined by measuring leaf length and maximum width and applying the formula;
Leaf area = k (leaf length * leaf maximum width) cm 2 ·plant -1 This formula provided a simple way for determination of leaf area particularly in the field where large leaves had to be measured. The coefficient k was calculated and assigned different values for different grasses [28, 29] , and was recently reviewed and given a value of 0.75 for maize [30] . The photosynthetic pigments, chlorophyll a, chlorophyll b and carotenoids, were determined using the spectrophotometric method recommended by [31] . The flame emission technique was chosen for determination of potassium due to its simplicity, precision, and sensitivity. A flame photometer (Corning 410, Corning Science Products, Halstead, Essex, England) was used for this purpose.
The EDTA titration method was employed for calcium and magnesium of different plant organs [32] . Harvest was carried out 120 days after sowing and cobs were left to dry (air dry for 2 weeks). Yield was determined as
Statistical Analysis
The experimental data were subjected to the one way analysis of variances (ANOVA test) using the SPSS version 11.0 to quantify and evaluate the source of variation and the means were separated by the least significant differences, L.S.D. at P level of 0.05% and 0.01% [33] .
Results
The data in Table 1 reveal that, the dry weight of stem and leaves of maize genotype Nefertiti decreased highly significantly by increasing the drought stress level in the soil. This reduction in the dry weight of stem and leaves was highly significant even at the highest soil moisture content level used when compared with the relative control values (90% F.C.). At the level of 30% F.C the percent of reduction in the dry weight in stem and leaves was 75%, and 62% respectively, which indicate more deleterious effect of sever drought stress was recorded in dry weight of maize genotype Nefertiti. The stimulatory effect of the growth promoters varied considerably from one to another. Polyamines alone or in combination increase the dry matter yield at 50% F.C over those of the relative control values, (the level which reduce dry matter yield to about 50% in only drought stresses plants). Also IAA promoted the dry matter production in plants irrigated with 50% F.C by about 56% over those of related control value. Kinetine and mixture phytohormones induce a slight increase in these values at 50% F.C (about 27%). GA 3 alleviated the inhibitory effect of drought at 50% F.C. In general polyamines seemed to be the superior up to 50% F.C, while phytohormones were the superior at 30% F.C (most of them nearly alleviated the inhibitory effect of drought stress.
Drought stress up to 70% F.C induced a slight effect in the stem dry weight of maize genotype Bashaier, then it reduced gradually by the further increase in the level of drought stress. On the other hand the dry matter yield of leaves remained more or less unchanged up to the level of 50% F.C, and then a minute reduction was obtained. At the level of 30% F.C the percent of reduction in the dry weight of stem and leaves was 51% and 20% respectively in compared with the relative control (90% F.C). The leaf area of the maize genotype Nefertiti decreased highly significant by decreasing the soil moisture content, this reduction was more pronounced at the lowest field capacity used (30% F.C). At this level the percent of reduction was about 45% as compared with the relative control. The inhibitory effect of drought stress on the values of leaf area was completely alleviated as a result of phytohormones and polyamines treatments.
Spermine was the most effective in the production of leaf area especially at the level of 90% F.C when compared with putrescine. The mixture of putrescine & spermine was much more obvious in production of leaf area at all soil moisture content used. It is worthy to mention that, the highest values of leaf area obtained at the level of 30% F.C were recorded in plants treated with IAA or the mixture of polyamines ( Table 2) .
The leaf area of maize genotype Bashaier decreased smoothly by increasing the drought stress level in the soil. It reduced by only 24% at the level of 30% F.C. Phytohormones treatment considerably increased the values of leaf area, whatever the level of the soil moisture content used as compared with the corresponding drought stressed plants. Interestingly kinetin seemed to be the most effective phytohormones in the two maize cultivars at the sever drought than the other phytohormones and or the mixture of them. Also, while IAA was the least effective phytohormones at mild drought it on the other hand the most effective at sever drought stress. Polyamines treatment resulted in a considerable increase in these values over those of the relative control up to the level of 70%, which was much more obvious in plants sprayed with mixture of polyamines. Thereafter these polyamines considerably elevated the values of leaf area, when compared with those of plants subjected to the 50% and 30% F.C without polyamines treatment ( Table 2) .
One of the especial interest in this work is that the number of leaves remained constant in the two maize genotypes Nefertiti, and Bashaier whatever the treatment used which means that, the differences might located in the growth of leaves (area), rather than in the number of leaves which means that at least in maize external environmental conditions is not a limiting factor in the num- Table 3 reveal that chlorophyll "a, b, and carotenoids" contents decreased by decreasing the soil moisture content, which was much more obvious at the sever drought A marked and progressive increase in the photosynthetic pigments concentration was exhibited when the drought stressed plants sprayed with phytohormones or polyamines, which was much more obvious in IAA treated plants.
The data of maize genotype Bashaier in Table 4 observed that, the photosynthetic pigments (chlorophyll "a, b, and carotenoids) concentration remained almost more or less unchanged at most drought stress level and a slight reduction was recorded in these values only at the level of 30% F.C. Using of the growth regulators (phytohormones or polyamines) considerably activated the biosynthesis of the photosynthetic pigments. This stimulatory effect was much more obvious in polyamines treated plants than in phytohormones treated plants. Also, the mixture of polyamines was the superior especially at the sever drought when compared with the other activators.
The data of maize genotype Nefertiti in Table 5 reveals that, The contents of potassium in shoots and roots slightly increased up to the level of 50% F.C, then it remained more or less unchanged even at the lowest field capacity used (30% F.C). A marked and progressive activation in absorption of K + in shoots and roots has been observed as a result of phytohormones or polyamines treatment. There is no, observable differences among the different growth promoting substances used (Table 5) The data of maize genotype Nefertiti in Table 5 reveals that, there is a highly significant reduction in the absorption and accumulation of Ca ++ and Mg ++ in shoots and roots, as the drought stress level increased in the soil the highest reduction was obtained at the highest drought stress level used. On the other hand the absorption and accumulation of Ca ++ and Mg ++ improved as a result of the interaction effect of phytohormones or polyamines in shoots and roots of the maize genotype Nefertiti. This stimulatory effect was more pronounced in shoots than in roots and in polyamines treated plants than in phytohormones treated plants.
The data of the maize genotype Bashaier in Table 6 reveals that, the contents of potassium in shoots and roots increased progressively by increasing drought stress level in the soil, therefore the highest increase in K + content was found to be at 30% F.C. At this level the percent of increase in K + content in shoots and roots was 124% and 128% respectively in relation to the relative control values. The amount of K + in shoot was much higher than in roots whatever the drought stress level used. Additional activation in K + content in shoots and roots of drought stressed maize genotype Bashaier was observed as results of the phytohormones or polyamines treatments. This seemed to be more observable in shoots than in roots. The data of maize genotype Bashaier in Table 6 reveal that, there is a general promotion in the absorption and accumulation of calcium and magnesium in stems and roots of maize genotype Bashaier by drought stress. This was more pronounced in roots than in stems. Treatment with growth regulators resulted in most cases in a general activation in calcium and magnesium in the two tested plant organs.
The data of maize genotype Nefertiti in Table 7 reveals that, the number of grains per ear and the 1000 grain weight reduced slightly in up to the level of 70% F.C. On the other hand the number of grains and the 1000 grain weight increased progressively at the level of 90% F.C, and to some extent at the level of 70% F.C as a result of phytohormones or polyamines treatment
The data of maize genotype Nefertiti in Table 7 reveals that, it is worthy to mention that, the drought sensitive cultivar produce crop yield only up to the level of 70% F.C, while treatment with polyamines produce crop yield up to 50% F.C. The crop yield at the level of 50% in plants treated with putrescine, spermine or mixture polyamines was 13, 15, and 12.8 Ardab/feddan in relation to 21.14 Ardab/feddan produced in normally treated plants (90% F.C). Also IAA is the only phytohormone which produce crop yield at the level of 50% F.C (5.23 Ardab/feddan). Additionally all of the used polyamines increased the crop yield at the normal condition (90% F.C) as compared with untreated plants. The crop yield of plants treated with putrescine, spermine or mixture polyamines was 26.5, 24, and 26 Ardab/feddan compared to 21.14 (at the normal level). Moreover plants treated with mixture of polyamines produced 25 Ardab/ feddan; at the level of 70% F.C. GA 3 , Kinetin and mixture of hormones retarded the crop yield even at the level of 90% F.C, although they considerably enhance the plant growth during the vegetative stage. This unexpected phenomenon seemed to be complicated and needs a numerous and further studies, Why those phytohormones stimulated the vegetative growth and inhibit crop yield? Is there a negative correlation between the exogenous application of these phytohormones and the group of phytohormones responsible for the flowering and fruiting or associated with the exogenous dose of the applied phytohormones???,, Is a concentration affect,, or what????
The data of maize genotype Bashaier in Table 8 reveals that, imposing drought stress induce a very minute reduction in a number of grains per ear (12% only at 50% F.C) and the 1000 grain weight. On the other hand
Two M (Zea maize L.) Genotypes Table 8 was interesting: 1) It produced a suitable amount of crop yield up to 50% F.C (It produce 21 Ardab/feddan compared to 27 Ardab/feddan at 90% F.C) note that the sensitive genotype did not produce any crop yield at 50% F.C.
2) Phytohormones or polyamines give a crop yield more or less similar to that recorded in the relative control up to 50% F.C. This was more pronounced in polyamines than in phytohormones. Moreover most of these activators enhanced the crop yield to 70% F.C in relation to the relative control. This was also more pronounced in polyamines & IAA treated plants.
3) Phytohormones or polyamines give a suitable amount of crop yield at the level of 30% F.C (The level which did not give a crop yield in this genotype)
Discussion
The phenological characteristics (dry matter yield and leaf area) of the field experiment recommended the drought tolerance of maize genotype Bashaier and the susceptibility of maize genotype Nefertiti. Accordingly the growth of maize genotype Bashaier remained mostly unchanged at mild drought stress whereas the growth of maize genotype Nefertiti dropped even at the lower level of drought stress, also the percent of reduction of the studied growth parameter at sever drought was much more higher in maize genotype Nefertiti than maize genotype Bashaier. Accordingly, at the level of 30% F.C. The percent of reduction in the dry matter of leaves and stems of maize genotype Nefertiti was 62% & 75% respectively, while in maize genotype Bashaier it was 20% & 51% respectively. The differences in the growth critetria among species and cultivars might be used as a suitable selection criterion for the drought tolerance of these species and genotypes. The inhibitory effect of drought on growth parameters could be attributed to the osmotic effect of water stress [26, 34, 35] . Also, the reduction of yield may be ascribed to the harmful effect of soil moisture stress and nutrient balance disorder in root media [36] , or reduced rate of new cell production may be make additional contribution to the inhibition of growth [37] [38] [39] . The reduction in growth criteria due to drought stress might be related to disturbance of water flow from root to shoot [40] , decrease in water potential of cell sap [41] , or inhibition of cell division [42] .
The values of leaf area are varied among the two drought stressed maize genotypes. They were much higher in maize genotype Bashaier than in maize genotype Nefertiti. Also the reduction in the leaf area was much more pronounced in maize genotype Nefertiti than in maize genotype Bashaier. Along with this the photosynthetic pigments remained more or less unchanged in maize genotype Bashaier and decreased highly significantly in maize genotype Nefertiti, which might improved the photosynthetic apparatus in maize genotype Bashaier than in maize genotype Nefertiti. The ability of the plants to increase its green area could be increased its drought tolerance [26] . This was found to be linked with the efficiency of photosynthesis apparatus and consequently the production of photoassimilates in the two maize genotypes. [43, 44] reported that, the reduction in leaves area by drought stress may be due to a reduction in leaf expansion, probably due to the effect of drought stress on cell division or cell expansion or both. [45] reported that, the reduction observed in the leaf area and dry weight of the drought stressed plants can be attributed to the changes in plant water relations under drought stress which cause a reduction in meristem activity as well as cell elongation [46] , thereby inhibiting leaf expansion [47] . The observed decrease in dry weight of the droughtstressed plants can be traced to the scanty recovery of leaves following limited photosynthesis production [45] . [48] proposed that, the death of old leaves due to the drought stress in the tissue would prevent the supply of nutrients or hormones to emerging leaves, and reducing leaf area. [49] concluded that a part from decreased growth might be attributed to the reduction in the leaf area and leaf number. The death of expanded leaves leading to decrease in photosynthetic leaf area [50] . Leaf area reduced significantly under water stress [51] . Reduction in the leaf area by water stress is an important cause of reduced crop yield through reduction in photosynthesis [51, 52] .
In recommendation when this plants sprayed with polyamines or phytohormones, the dry matter yield, leaf area, and photosynthetic pigments enhanced markedly, which indicated the complete correlation among the three parameters. [53] study the effect of drought stressed maize, cowpea and broad bean plants and found that while the photosynthetic pigments decreased significantly in maize they remained more or less unchanged in cowpea and broad bean plants, consequently the dry matter production in maize was much more affected by drought stress than in cowpea and broad bean plants. They also reported that when these plants sprayed with phytohormones or polyamines there is a marked stimulatory effect in green area and consequently the photosynthetic pigments which consequently accumulated the dry mass of the three tested species [54] working with drought stressed wheat cultivars and found that, the reduction in photo- [55, 56] . The reduction in total photosynthetic pigments has been reported to be related to the activation of chlorophyllase, which catalyses the catabolism of chlorophyll [57] . [58, 59] reported that the degradation of thylakoid can occur in response to water stress. The enhancement of chlorophyll degradation in leaves of stressed plants can probably be due to the disturbance in hormonal balance. Such disturbance may be manifested by dimensioned kinetin biosynthesis and increased abscisic acid. The former is known to inhibit chlorophyllase activity whereas the letter is known to accelerate it [60] . The differences in the responses to drought stress between the two selected maize genotypes were mirrored by the differences in the absorption, accumulation and compartmentation of K + , Ca ++ and Mg ++ in the different organs of the two genotypes. Our data reveal that while drought stress had a marked stimulatory effect in the absorption and accumulation of K + , Ca ++ and Mg ++ in different organs of maize genotype Bashaier it on other hand, significantly inhibited the accumulation of these cations in the different organs of maize genotype Nefertiti. It has been well known that osmotic regulators include many important small molecules such as potassium, soluble sugars, proline and petaine [61] [62] [63] . These small molecules are also important physiological indicators for evaluating osmotic adjustment ability [64] .
The maize genotype Nefertiti produced a crop yield (number of grains per ear, 1000 grain weight and the total yield per feddan) up to only 70% F.C, and failed completely to give crop yield at the levels of 50% & 30% F.C. while treatment with polyamines produce crop yield up to 50% F.C. Additionally all of used polyamines increased the crop yield at the normal condition (90% F.C) as compared with untreated plants. The crop yield of plants treated with putrescine, spermine or mixture polyamines was 26.5, 24, or 26 Ardab/feddan compared to 21.14 (at the normal level). It is worthy to mention that IAA is the only phytohormone which produced a crop yield up to 50% F.C (5.23 Ardab/feddan), although the other phytohormones considerably enhanced the plant growth during the vegetative stage. This unexpected phenomenon seemed to be complicated and need a numerous and further studies.
On the other hand the production of crop yield in maize genotype Bashaier under different treatments was interesting. This genotype produce 21 Ardab/feddan of maize grain at the level of 50% F.C, which considered an excellent results (note that the sensitive cultivar produce the same amount at the normal condition), on the opposite to the sensitive cultivar, phytohormones treatment increased the crop yield over the control value of the this drought tolerant cultivar up to 70% F.C, also the produced crop yield of IAA treated plants at 50% F.C was similar to that of control plants. Also a pronounced increased the crop yield was obtained up to the level of 70% F.C as a results of polyamines treatment in comparison with the relative control values. Moreover Putrescine increase the crop yield by 1.24 Ardab/feddan over the control at the level of 50% F.C. Interestingly at the level of 30% F.C. while the only drought stressed plants did not give a crop yield, the phytohormones or polyamines yielded a suitable amount of maize grain at the level of 30% F.C. The data also reveal that the improvement of crop yield was much more pronounced in polyamines treated plants than phytohormone ones. Putrescine was also superior in produce 18.3 Ardab/feddan at 30% F.C in relation to 27 Ardab/feddan in relative control plants (A very interesting results). Stress during different growth stages might decrease translocation of assimilates to the grains, which lowered grain weight and increased the empty grains. There are some reports indicated that lower soil moisture might inhibit photosynthesis and decrease translocation of assimilates to the grain which lowered grain weight [65, 66] . Moreover, water stress might lead to a considerable increase in secondary rachis branch abortion and resulted in a reduction in spikelets number per panicle [67] . In addition, drought stress could curtail the kernel sink potential by reducing the number of endosperm cells and amyloplasts formed [68, 69] . Therefore, the rate of reducing in grain weight is correlated to the reduction in the capacity of the endosperm to accumulate starch, in terms of both rate and duration [69] .
On the other hand, some studies show that there would be significantly higher gain in biomass (dry Ministry weight) after stress imposed. This dry weight would be associated to the cell division and new material synthesis [67, 70] . Increasing the number of filled grains might be due to the contribution of carbohydrates from current photosynthesis which have been more and efficiently would translocated into the grain and thus increased the grain yield [71] . Usually, water stress at grain filling induces early senescence and shortens the grain filling period but increases remobilization of assimilates from the straw to the grains [72, 73] . The early senescence induced by a moderate water-deficit during grain filling can enhance the remobilization of stored assimilates and accelerate grain filling of rice [69, 71] .
Other experiences show that plants could cope with stress condition exhibiting morphological alteration such [74] . The slow grain-filling rate and low grain weight of inferior spikelets have often been attributed to a limitation in carbohydrate supply [69] . It's important to stress on the differential effects of the using of phytohormones or polyamines from the vegetative stage to the fruiting stage among the two selected maize genotypes. Exogenous application of any of the growth promoters "phytohormones and polyamines". Improved the drought tolerance of the two maize genotypes during vegetative stage through the improvement of phonological characteristics and the physiological behavior which consequently and interestingly induce a surprising improvement in the crop yield especially in maize genotype Bashaier (the drought tolerant cultivar), They produce a suitable amount of crop at the level of 30% F.C (the level which did not give any crop yield in plants subjected only to 30% F.C), also IAA is the only phytohormone which give a crop yield in maize genotype Nefertiti up to 50% F.C. Why the phytohormone did not give a crop yield in maize genotype Nefertiti beyond 70% F.C Although they improved Interactive Effects of Drought Stress and Phytohormones or Polyamines on Growth and Yield of Two M(Zea maize L) Genotypes.
The growth and the physiology of this cultivar during the vegetative stage and also why these phytohormones make this considerable improvement in crop yield only in maize cv. Bashaier? The answer seemed to be complicated which might associated with the genotypic variation rather than the growth activators it self which might indicated the great variation in the interaction between the response of the two maize genotypes with the different growth activators. The situation was very complicated and might include many physiological processes and also may be associated with induction of phlorogen and phytochrome (phytohormones responsible for flowering and fruiting stage). So, and according to our data in maize genotype Nefertiti the role played by these activators was differed from vegetative to flowering stage and the use of these activators only up to vegetative growth is not a sign for improving of crop yield. The diversity and complexity between the stress factors and gene action among the different species and genotypes as well as the different growth stages, still open question.
In conclusion maize genotype Nefertiti in addition to its sensitivity to drought stress, is also not responded enough to exogenous application of the used growth promoters especially phytohormones except for IAA to some extent. On the other hand the drought stressed maize genotype Bashaier was also strongly responded to phytohormones or polyamines treatments. Exogenous application of polyamines seemed to be more effective than phytohormones. Putrescine might be the superior polyamine. Finally and according to these results, this study opened many fields of studies in the future, this fields might linked with the breading programs (the con-trasting behaviors of the produced cultivars and lines), from one hand and the differential responses of the added plant promoters. Also it's difficult to recommend the role of any of these plant promoters before the flowering and fruiting stages.
